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Single cell encapsulation in droplets
The cell concentration was determined and adjusted immediately before starting droplet generation using a Thoma cell counting chamber. Successful single cell encapsulation was confirmed by estimating the proportion of empty versus occupied droplets. According to Poisson's distribution theory, 68% of all droplets are expected to be occupied if an inoculation density of 1 cell/droplet is targeted. It was confirmed after incubation, that this value was neither exceeded for the statically incubated droplets (60.58% occupied) nor for the dynamically incubated droplets (51.41% occupied).
Estimation of oxygen depletion time in a droplet
A conservative estimation of oxygen depletion in statically incubated droplets with encapsulated E. coli as a model organism was made on the basis of following simplified assumptions:
1. The net mass transfer across the droplet borders is zero. translates into a higher cell concentration, which implies faster deoxygenation. For example, in a 14-pL-droplet inoculated with a single cell, 7 -corresponding to OD600 = 0.06 -oxygen should be theoretically depleted within ~38 minutes. Yet, incubation times often exceed this value by far to obtain relevant protein concentrations, so that cells experience hypoxic conditions. At higher inoculation densities (e.g. OD 600 = 1), eventually achieved by reducing the droplet volume while maintaining Poisson-distributed single-cell occupation, oxygen is theoretically depleted within less than six minutes. Presumably, local oxygen depletion in closest proximity to the cell will further reduce the time until depletion.
Calibration of OXNANO sensors
The OXNANO sensors were calibrated in a temperature controlled glass vessel. Two mass flow controller instruments (Read Y smart series, Vögtlin Instruments) were used to obtain gas mixtures of defined oxygen partial pressures (pO2). Compressed air and nitrogen were used as calibration gases.
The calibration gas was passed through a stainless steel coil which was dipped into a temperaturecontrolled water bath to keep the temperature constant and bubbled through the OXNANO sensor solution.
The two-site model was used to fit the calibration data. 
Droplet manipulation and analysis

Microfluidic operation
The fabrication of microfluidic chips is described elsewhere. 9 Novec HFE7500 (3M, Germany) with 0.5% Pico-Surf (Dolomite, UK) surfactant was used as continuous phase. For droplet generation and reinjection, fluids were actuated by a flow-rate-controlled MFCS-EZ pressure pump (Fluigent, France) and neMESYS syringe pumps (cetoni GmbH, Germany). All microfluidic devices were connected via PTFE-tubings (OD: 1/16'', ID: 0.5 and 0.25 mm). Droplets were generated with a rate of ~1500 Hz and 
Optical setup
An Axio Observer Z.1 inverted microscope (Carl Zeiss, Germany) was used for droplet observation.
Fluorescent samples, i.e. droplet-confined E. coli cells producing mCherry, were excited with an HXP 120C fluorescent lamp (Carl Zeiss, Jena) through a 550/25 bandpass filter, and the emitted light was filtered with a 605/70 bandpass filter. For darkfield imaging, we applied a 10x objective without phase plate, combined with an annular ring of a 100x objective in the condenser. A PIKE F032-B camera (Allied Vision Technologies, Germany) was attached to the side port for droplet imaging, and a custom-made photodetector or an avalanche photodiode (Si APD S8664-30K, Hamamatsu, Japan) was attached to the front port for droplet detection or fluorescence analysis, respectively. Triggered imaging was realized by equally splitting the transmitted light between the two microscope ports holding the photodetector and the camera.
Volume determination
To monitor the influence of DDI on droplet volume and polydispersity, PBS-droplets were incubated either statically or dynamically at 28 °C for various time periods applying different oil flow rates as indicated in Fig. S4 . Subsequently, droplets were reinjected into a microfluidic chip and imaged in groups at 40 droplets/s. A total number of ~60,000 droplets was recorded per reinjection. For edge detection we computed derivatives of the discrete first and second order by applying the Sobel operator to the difference image. To obtain edges with a width of one pixel, we subtracted the image with the second order derivative from the image with the first order derivative. The resulting image was binarized by applying a fixed threshold at intensity 5 and subsequent thickening of diagonal edges. To remove noise, foreground regions smaller than 10 pixels were deleted from the image. This process was followed by an edge joining algorithm that connects isolated edge segments at the distance of one pixel from each other. Finally, foreground regions smaller than 50 pixels were removed to reduce artifacts in the image, followed by a second round of edge joining by applying two iterations of a morphological dilation operation and two iterations of a morphological erosion operation. The resulting image was used to identify single droplets based on the circularity criterion that the standard deviation of the signature does not exceed 2 pixels. Volume estimation: The droplet volume was calculated using the equation
for pancake-shaped droplets in a channel of height and for droplets of radius . Remarkably, the protein concentration in a cell suspension derived from a pooled DDI droplet population reached the same range as the B10-6H concentration obtained in flask and MTP cultures (Fig. S7b) . In contrast, only less than half of the B10-6H concentration was achieved with SDI ( Fig.   S7b ) in consequence of hypoxic conditions and concomitant reduced cell densities. Yet, an observable reduction of the relative protein amount (standardized to cell density) indicates that the synthesis rate per cell is also affected (Fig. S7c) .
Estimation of Oxygen Transfer Rates (OTR) during dynamic droplet incubation
To quantify OTR during DDI, we adapted the dynamic measurement method, which is frequently applied for stirred tank reactors. E. coli cells were encapsulated at OD 1 together with OXNANO sensors and incubated with continuous carrier oil recirculation, i.e. DDI. Subsequently, the oil circulation was halted (as in SDI) to estimate the E. coli OUR from the decrease in measured dissolved oxygen. After restarting the oil circulation, the rate of increase in measured dissolved oxygen plus the previously determined OUR results in the OTR of the system (Fig. S8) . It is worth noting that residual oxygen dissolved in the oil phase may have lowered the measured OUR, negatively biasing the calculated OTR.
Interestingly, these experiments provide further evidence for the fast occurrence of inhomogeneous oxygen distribution among the droplet population. The initial peak observed after reactivating recirculation evidences that the droplets on the top and bottom borders of the emulsion exhibited higher dissolved oxygen concentrations (Fig. S8a) . Comparison of dynamic droplet incubation with emulsion shaking 1 ml of microfluidic emulsion, comprising 500 µl droplet bulk and 500 µl oil, were generated into multiple 2 mL reaction tubes with perforated lid (hole diameter: ~1 mm) and incubated in both humid saturated and non-humidified environments at 800 rpm (Thermomixer 5436, Eppendorf, Germany) and at 28 °C. Such intermediate shaking frequency was selected since the shear of shaking did not influence droplet monodispersity within 24 h incubation in a pre-test. Moreover, this shaking frequency was used for E. coli cultivation in MTP and tubes, proving to be sufficient for oxygenation of the liquid culture.
Two different experiments were performed to characterize a) the stability of the shaken emulsions and b) the extent of oxygenation: For the first, PBS was employed as the aqueous phase, and the droplet size distributions were analyzed after 24 h and 96 h (Table S4) . For the second, droplets containing E. coli were characterized after 24 h by measuring fluorescence levels (Fig. S11) .
For a)
After 24 h, multiple large droplets were observed at the emulsion surface (Fig. S9) . They are the result of emulsion failure and/or condensation on the tube walls. However, a large fraction of the analyzed droplets maintains its monodispersity, though showing considerably decreased volume due to evaporation (Table S4 ). Emulsion failure was drastic after 96 h, but by shaking inside a humidified environment this failure could be reduced even after 96 h (Fig. S10) . Surprisingly, the strong decrease in average droplet volume could not be avoided by incubating in a humidified atmosphere. Table S4 . Average droplet volumes of emulsions incubated four days in agitated reaction tubes. The volume of min. 50,000 droplets was determined as described in the volume determination section. Averages and coefficient of variation (CV) are displayed for emulsions during generation and after one and four days of incubation. Very small (<50 pL) and very large (>300 pL) droplets are not reliably detected by the volume detection algorithm, therefore the CV of highly polydisperse emulsions, as is the case for the emulsion agitated with 800 rpm w/o humidification after 96 h, might be underestimated. 
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